Abstract-Software development organizations that rely on Capability Maturity Model Integration (CMMI) to assess and improve their processes have realized that agile approaches can provide improvements as well. CMMI and agile methods can work well together and exploit synergies that have the potential to improve dramatically business performance. The major question is: How to realize the integration of these two seemingly different approaches? In an earlier work, we have conducted a field study within six companies. These companies worked with agile methods for years and the Egyptian Software Engineering Competence Center (SECC), which is the regional CMMI appraisal center, assessed them. This study was mainly conducted to enhance the empirical understanding in this research field. Additionally, it showed that companies usually don't use agile in a good way that helps in covering the CMMI specific practices. In this paper, we present a new approach for mapping between CMMI and Scrum method. This mapping has been analyzed, enhanced, and then applied to the same companies. Putting in considerations that other previous efforts have worked in the same context but for an older version of CMMI, our research is using the latest CMMI version, which is 1.3. The research shows that our mapping approach has resulted in 37% satisfaction and achieved 17% partial satisfaction for CMMI specific practices. This resembles 19.4% enhancement in the satisfaction, and 6.2% improvement in the partial satisfaction against the previous related research effort that was already not targeting the latest CMMI version.
INTRODUCTION
Quality management systems (QMS) like ISO 19011, CMMI or SPICE, have been a quite popular in the software industry since many years ago. This popularity comes from the fact that the improvement of development processes is empirically linked to the improvement of software quality. However, the documentation and formalization-overhead of those frameworks are massive. Many companies suffer from this overhead and desire more efficiency in development and project management while maintaining the high quality of their software products [1] .
Lately, a new approach to the software development has gained a foothold in the software industry, which is called agile development. The agile manifesto [2] , which was written in 2001, derived the term agile development. Agile processes have been proposed to overcome the flexibility issues of traditional procedures. Agile development methodology is an umbrella term that describes several agile methods such as Scrum, XP, ASD, Crystal, FDD, DSDM, and Lean. Most of the agile methods promote development iterations, teamwork, collaboration, and process adaptability throughout the lifecycle of the project [3] . Agile practices have been criticized for a lack of discipline and argued of being suitable only for some particular types of projects [4] .
On one hand, companies that assess and improve their processes based on CMMI are now realized that agile approaches can provide simplification, improvements as well. On the other hand, there are increasing numbers of agile champion companies, which are looking for more structured processes [5] . For many software engineering schoolers, Agile methods and CMMI best practices are often perceived to be at odds with each other at first glance. This wide gap between two options is not the accurate picture. In 2008, the Software Engineering Institute (SEI) published a technical report that clarifies two reasons behind this inaccurate picture in some engineers' minds. The first reason is the early adopters of both approaches came from different software development paradigms. The second reason lies in the misuse of both perspectives that resulted in misperceptions in both camps about the another [6] . Therefore, the question has to be raised if these two seemingly different approaches could be combined with each other and if the combination brings more benefits than either one alone.
In [7] we have explained a conducted empirical study to check the value of simplifying CMMI version 1.3 through using some agile practices while enhancing it with non-agile ones. The Study primary objective was to increase the understanding of CMMI and agile integration and to explore the reconciliation of these two approaches. The previously mentioned research showed that Scrum practices (as one of the Agile methods) with non-scrum improvements could satisfy the CMMI process areas' specific practices. This means that an organization that uses Scrum without any (IJACSA) International Journal of Advanced Computer Science and Applications, Vol. 7, No. 2, 2016 244 | P a g e www.ijacsa.thesai.org further improvements would not be able to achieve capability level 2 on Project Planning (PP), Project Management and Control (PMC), Requirements Management (REQM), Risk Management (RSKM), and Integrated Projected Management (IPM). However, Scrum could be used, and enhanced with other agile techniques. To make this possible, some objectives have to be achieved. First, Scrum practices have to be mapped to the CMMI specific practices; one-by-one to have a better understanding of the relation between CMMI and Scrum. To achieve the latter goal, it is important to study the scrum coverage to the Project Management (PM) category process areas, and to identify the earliest scrum methods that have a significant contribution in satisfying the CMMI specific practices [8] , [9] , [10] .
According to the Forrester state of agile development report 65% of mid-sized enterprises (with less than 1000 employees) has reported that 100% of their teams uses agile for their software development. 85% of the agile adaptors embraces scrum as their applied agile method [11] . Having a systematic way that could enhance satisfying the CMMI certification using the commonly used scrum practices and assets could help more than 55% (85% of the 65%) of the mid-sized enterprises to get, or keep their CMMI certification. Some previous efforts tried to provide some ways to do this for CMMI Version 1.2 in some CMMI process areas. Some other process areas (i.e the process areas of Project Management) have not touched in previous research efforts. This paper shows how the scrum practices and assets could cover the Project-Management category's process areas of CMMI 1.3 with the use of normal scrum practices and assets without any extra enhancements.
The paper is organized as follows: Section 2 presents the background overview of CMMI and Scrum. Section 3 focuses on describing the problem-solving approach that is used to do the research. Section 4 presents the conducted research activities. Section 5 discusses the paper results against previous work that has been carried out by another previous research. The last section concludes the paper with final remarks.
II. BACKGROUND OVERVIEW

A. Project Management Category of CMMI
The focus of this paper is on the project management category that covers the management activities that are related to planning, monitoring, and controlling the project. Table 1 shows the project management-related process areas grouped by its maturity levels [12] , [13] , [14] . 
Project Planning (PP)
The purpose of project planning (PP) is to establish and maintain plans that define project activities [15] , [16] , [17] , [18] , [19] , [20] , [21] . PP contains three specific goals (SG): SG 1 "establish estimates", SG 2 "develop a project plan", and SG 3 "obtain commitment to the plan", enclosing 14 specific practices (SPs).
Project Monitoring and Control (PMC)
The purpose of project monitoring and control (PMC) is to provide an understanding of the project's progress so that appropriate corrective action is taken when the project's performance deviates significantly from the plan [22] . PMC contains two specific goals: SG 1 "monitor project against plans" and SG 2 "manage corrective action to closure", enclosing ten specific practices [23] , [24] , [25] , [26] , [27] .
Requirements Management (REQM)
The purpose of requirements management (REQM) is to manage requirements of the project's products and product components and to ensure alignment between those requirements and the project's plans and work products [28] . REQM has one specific goal: SG 1 "manage requirements", enclosing five specific practices.
Integrated Project Management (IPM)
The purpose of Integrated Project Management (IPM) is to establish and manage the project and the involvement of relevant stakeholders according to an integrated and defined process that is tailored from the organization's set of standard processes [29] . The specific goals of the IPM are SG 1 "use the project's defined process" and SG 2 "coordinate and collaborate with relevant stakeholders".
Risk Management (RSKM)
The purpose of risk management (RSKM) is to identify potential problems before they occur so that risk handling activities can be planned and invoked as needed across the life of the product or project to mitigate adverse impacts on achieving objectives [30] . The specific goals of the RSKM are SG 1 "prepare for risk management", SG 2 "identify and analyze risks", and SG 3 "mitigate risks".
Supplier Agreement Management (SAM)
The purpose of supplier agreement management (SAM) is to manage the acquisition of products from suppliers [31] . The specific goals of the RSKM are SG 1 "establish supplier agreements" and SG 2 "satisfy supplier agreements".
Quantitative Project Management (QPM)
The purpose of quantitative project management (QPM) is to quantitatively manage the project to achieve the project's established quality and process performance objectives [32] . The specific goals of the QPM are SG 1 "prepare for quantitative management" and SG 2 "quantitatively manage the project". Scrum does not mention practices to address this process area. Therefore, all of its practices are unsatisfied.
B. Related Work
CMMI and agile methods have been compared in several studies [33] and mappings between agile and CMMI practices have been proposed [34] . For example, Fritzsche and Keil analyzed [22] in their study which CMMI process areas can be covered by Scrum and XP. Unfortunately, most of the findings www.ijacsa.thesai.org were not clearly derived and they did not provide empirical evidences. On the other hand, Pikkarainen and Mäntyniemi proposed an approach for assessing agile software development by using CMMI. However, only two process areas were covered (PP and REQM) and only from a CMMI goal (not specific practice). Marcal et al. [32] , in turn, presented a more detail mapping between CMMI project management process areas and Scrum practices, but they did not provide empirical evidences.
Finally, Diaz et al. [35] , [36] , [37] presented a mapping between Scrum practices and three process areas (PP, PMC, and REQM). In addition, they reported empirical results that provide evidences that those process areas were largely covered. However, the mapping presented was high level and the use of the now outdated CMMI-DEV Version 1.2 limited the results. Unlike these researches, our work tries to increase the detail of the previous mapping between CMMI and Scrum, and to cover the process areas related to the higher maturity levels (IPM, RSKM, and QPM) in CMMI-DEV Version 1.3 which is the latest version up till now. In addition, we consider in our study not only the CMMI specific goals, but also the specific practices. Furthermore, a complete view of the CMMI project management process areas covered by Scrum practices will be established.
III. PROBLEM SOLVING APPROACH
A. Research Questions
The study that has been conducted in [7] was the base for a further research to discover the answers of some questions. First, which of the CMMI process areas could be satisfied by Scrum? Second. Which scrum assets could cover this satisfaction? Third, By which percentage this satisfaction coverage happens? Fourth, What are the most prior scrum assets to be considered when trying to cover CMMI using scrum? Fifth, what are the major gaps that are still there? Finally, which process areas are in conflict?
B. Defining Problem Solving Approach
In order to answer research questions; the study has been designed to be accomplished on Five steps that are all limited by the Project Management category's Process Areas (PAs) of CMMI-Dev Ver. 1.3. First, reviewing the available scrum assets that have to be studied in order to discover what are the possible ones that could be used to be mapped to the available specific practices (SPs) of CMMI-Dev Ver 1.3. Second, based on the reached mapping between scrum assets and CMMI practices, for the sake of a better understanding, a matrix should be developed to show all possible mappings between Scrum practices and CMMI-Dev SPs within the PM category. Third, according to the developed mapping matrix, the scrum coverage for CMMI SPs should be calculated according to a set of well-defined functions. This will help in finding out what are the prior scrum practices to take care of, when it is needed to streamline CMMI implementation using scrum. Discovering the prior scrum practices is the fourth designed step in this study. Finally, The results should be discussed, and compared to other related work to define the percentage of enhancement (if any) this study may achieve. The whole study has been applied on 6 companies out of the CMMI certified companies in Egypt and that are appraised by the regional CMMI center in Cairo that is called Software Engineering Competency Center (SECC).
IV. STUDY ACTIVITIES
Step 1: Mapping Scrum assets to the corresponding CMMI SPs:
During the study, we analyzed each CMMI project management process area and all of its specific goals and practices in details and compared them with known Scrum practices. Table 2 depicts how we could satisfy the specific practices of the PP process area through using Scrum Practices. Each mapping set (single raw in that table) shows the satisfaction rating at the last column. In case the mapped Scrum Practices could satisfy the corresponding CMMI's specific practice fully (Rating :S), Partially (Rating: PS). If the set of Scrum assets could not satisfy, the corresponding SP at all it is considered as unsatisfied and tagged in the table with Rating U. Table 3 shows the same idea of scrum assets mapping to the SPs of PMC process area. Table 6 shows this for the REQM process area while Table 7 shows this for the context of IPM process Area. 
S
It is important to note that IPM process area, Scrum does not define a set of organizational standard processes, but it just establishes a set of practices and rules defined for the project. In other words, the project's defined process is not derived from a set of organizational processes. Therefore, all of the specific practices related to the Specific Goal 1 (SG1) are unsatisfied, except SP 1.6 "Establish Teams". Other specific practices of SG2 are satisfied, or partially satisfied as depicted in the table.
Concerning Risk Management (RSKM) process area, risks are captured as impediments and registered on white-boards, flip charts, or impediments list. However, scrum has no practices to define sources, parameters, or categories to analyze and control the risk management effort. Thus, risk assessment, categorization, and prioritization occur in an informal manner [37] . Therefore, all of the specific practices of RSKM are unsatisfied, except SP 2.1 (identify risks), because it is partially satisfied for the same reasons presented for PP SP 2.2.
For Supplier Agreement Management (SAM) Scrum does not mention practices to address the acquisition of products from suppliers. So, all of its specific practices are unsatisfied.
For Quantitative Project Management (QPM)
Scrum does not mention practices to address this process area. Therefore, all of its practices are unsatisfied. 248 | P a g e www.ijacsa.thesai.org Our study showed that a satisfaction matrix could be built to map some scrum practices to the CMMI specific practices of the Project Management (PM) related process areas. Figure  1 and figure 2 depict a resulting CMMI-Scrum Mapping satisfaction matrix that shows how the available scrum practices could be applied to the available CMMI practices. 
CMMI Practices Scrum Practices
Mapping matrix of suitable scrum practices to the PMC, REQM, IPM, and RSKM specific practice of CMMI-Dev
Step 3: Discovering the prior Scrum practice in the mapping Table 6 shows the number of CMMI specific practices that is supported by each scrum practice. The third row in the table www.ijacsa.thesai.org shows a Mapping Importance Score (MIP), which is an index score that has been designed in the study in order to discover what are the prior scrum practices when implementing CMMI Project Management category using scrum practices. It is clear from the table that the top five prior scrum practices are; Sprint Planning, daily meeting, sprint retrospective, release planning, and product backlog. The index assigns 3 points for S satisfaction rating whiling assigning only 1 point for PS rating. Step 4: Calculating the degree of scrum practices to CMMI SP Each practice was rated according to the ratings in Table 7 [32]. For a certain rating i (i=1…n) and a process area j (j=1…m), we have number of practices X i , j . So, the present for ratings can be calculated as follows:
Also, the total percent for all the process areas is given by Means that some parts of CMMI practice is addressed by Scrum practices.
Unsatisfied (U)
Means that CMMI practice is not addressed by Scrum practices.
The following gives a summary on the covered specific practices of CMMI Project Management process areas by Scrum practices. Tables 8 shows the results of mapping scrum practices to the CMMI specific practices of the project management related specific areas (i.e. PP, PMC, REQM, SAM, RSKM, IPM and QPM). Table 9 explains this through depicting the coverage percentage per process area. A complete view of the CMMI Project Management process areas covered by Scrum practices is shown in Figure 3 . This result shows that 37% of specific practices of CMMI project management process areas are satisfied, 17% are partially satisfied and 46% are unsatisfied. In other words, CMMI project management process areas are not fully covered with Scrum practices mainly related to SAM, RSKM, IPM and QPM process areas. Considering each CMMI project management process areas according to its maturity level, another analysis can be made as shown in Figure 4 . Table 10 and Table 11 show the results of the mapping for CMMI project management process areas, grouped by maturity level. In this way, process areas related to maturity level 2 (PP, PMC, RQM and SAM) have 57% of its specific practices satisfied by Scrum, 20% are partially satisfied and 23% are unsatisfied. If SAM are not considered, Scrum becomes more compliant with level 2 without major adaptations (69% satisfied, 24% partially satisfied and 7% unsatisfied). With regard to process areas related to maturity level 3 (IPM and RSKM), these process areas have 12% of its specific practices satisfied by Scrum, 18% are partially satisfied and 70% are unsatisfied due to the lack of practices for managing risks and the absence of a defined process derived from a set of organizational processes. Finally, process areas related to maturity level 4 (QPM) are unsatisfied because Scrum does not mention practices to address these process areas.
The major gaps between Scrum and PP, PMC, REQM, SAM, RSKM, IPM and QPM process areas are presented below:
 Scrum framework does not provide explicit description for planning and controlling of project's budget, affecting PP and PMC.
 Scrum framework does not explicitly address calculation of project's costs, affecting PP and PMC.
 Lack of practices for managing risks, affecting RSKM, PP and PMC practices.
 Scrum framework does not include any practices for planning and tracking data management, affecting PP and PMC practices.
 Scrum does not define a set of organizational standard processes, but it just establishes a set of practices and rules defined for the project, affecting IPM practices.
 Scrum does not mention practices to address the acquisition of products from suppliers. So, all SAM specific practices are unsatisfied.
 Scrum has no practices to address the QPM process area, so all its practices are unsatisfied.
V. RESULTS DISCUSSION, AND FUTURE WORK
A. Results Discussion based on the above, Figure 5 and Figure 6 shows a comparison between our overall results of the mapping and those of Marcal et al [32] .
It should be noted that the mapping between the specific practices of the CMMI process areas and Scrum practices according to Marcal et al. considers the staged representation of CMMI-DEV version 1.2, but our work considers the CMMI-DEV version 1.3 which is the latest version till now. Working with older versions of CMMI-DEV will not be of a much help to the new companies that are looking for a CMMI certification. Our Work 37% 17% 46% www.ijacsa.thesai.org 
B. Future Work
More work will be done to deliver a scrum coverage for other process areas that have not been covered on this paper (i.e SAM, RSKM, and QPM). Since SAM is highly required nowadays due to the increasing size of the outsourcing engagements in the software development industry [38] , automating SAM within Scrum process could be a good start for the future work since it is unclear area in the integration between CMMI and Scrum.
VI. CONCLUSION
In our previous research work [7] , it was shown that working with agile could cover a portion of the CMMI specific practices with applying some non-scrum practices. This study proposed a new way to use the simpler scrum practices and assets in order to satisfy the more complicated CMMI-Dev version 1.3's specific practices. This leads to satisfying the CMMI generic practices thus, satisfying the CMMI process areas. The coverage that this work has achieved haven't been achieved for any previous similar work. Additionally, other older efforts haven't worked on the currently used CMMI version (1.3). This research has been conducted to delve in more details concerning the important scrum practices that could be improved using existing scrum assets to streamline CMMI specific practices implementation in the Project Management category, and what could be the effect of that on the overall scrum coverage of the CMMI specific practices. This research has designed a new score index that could measure the importance of specific Scrum practices in the CMMI practices coverage (MIP Score Index). This score index showed that the top five practices that should be always improved to enhance the CMMI coverage were in order; Sprint Planning, Daily meeting, sprint retrospective, release planning, and product backlog. After applying improvements on these practices in 6 different CMMI appraised companies in Egypt some positive results have been concluded compared to other previous research efforts that have been done by Marcal et al. The work that has been done by Marcal et al. has been done in the same context but with two shortcomings. The first is that it was not updated for CMMI version 1.3. This shortcoming means that it couldn't help teams that will be appraised based on this version. The second shortcoming is that it did not provide enough coverage of Scrum practices to CMMI version 1.3 specific practices. Our research has resulted in delivering a better satisfaction with additional 6% coverage, which is 19.4% development. Moreover, this research increased the level of scrum partial satisfaction coverage of the CMMI practices by extra %1 which resembles 6.2% development percentage. In addition to that, previous work did not consider CMMI version 1.3. That is why, if compared to the version 1.3, the comparison percentages will be against 0% enhancements from Marcal's previous work.
The conclusion is that CMMI and Scrum method can work well together, and both approaches can bring more benefits than either one alone. So, Scrum method provides good practices for streamlining CMMI project management process areas related to maturity level 2, and 3. On process areas related to level 4, Scrum method covers only a little part of these areas. Other alternative practices are necessary to make these two approaches more compliant. This alternative is useful for companies that are adopting agile methods while searching for a CMMI certification. Our Work 37% 17% 46%
